4 cells were transfected with a pX459 empty vector. Twenty-four hours after transfection, cells were selected with 2 µg/mL puromycin. After recovery from selection, cells were seeded onto 96-well plates, in medium without puromycin, for clonal selection. Selected clones were subsequently analyzed by Western blotting, using anti-UBR1 antibody, to confirm successful knockout.
3D modeling
All molecular modeling was done in UCSF Chimera, production version 1.12 (build 41623) (Pettersen et al., 2004) . The receptor protein was generated by removing the ligand from PDB 3NY3, a structure of the UBR-box of UBR2 interacting with the N-degron Arg-Ile-Phe-Ser, solved by X-ray diffraction. For docking, a .pdb file of the receptor protein was uploaded to the online docking server ClusPro 2.0 and run in Peptide Mode. The peptide sequence KGGFG (searched using motif KXG[FY]G) was docked using default settings, resulting in 129 results.
From those, all models that did not have hydrogen bonds between the ligand and either D150 or D153 of the receptor were eliminated, reducing the number of potential models to 12. These residues were determined to be important based on the hydrogen bonds made between them and the native ligand in the source file (3NY3). Each model was then manually checked for positional similarity to the native ligand of 3NY3, with only 4 models that reasonably aligned to the position of the native ligand. Next, solvent-excluded molecular surface maps of the receptor and the ligands were generated within Chimera using the MSMS package, and model 001.048 was chosen as the final model based on best fit into the receptor pocket. This model was from the pool of results generated using the algorithm for biasing toward van der Waals and electrostatic interactions. Additionally, model 001.048 had the best hydrogen-bonding network, making two bonds from the lysine to D153 and one to D150, while the other models only had one hydrogen bond to each residue or fewer. For the final model, the receptor without any ligands was charged and energy-minimized and the chosen ligand then added. Hydrogen bonds 5 were calculated through Chimera using the default settings. To calculate the electrostatic surface potential of the receptor protein, the PDB2PQR and energy minimization tools within Chimera were used with default settings to add hydrogens and assign charges and atomic radii, using the forcefields AMBER ff14SB with the AM1-BCC option for non-standard residues. APBS was used from within Chimera with default settings to generate a .dx potential file. This file was used to color the MSMS surface map according to electrostatic potential. Ct immunoblot intensities in the P fractions of Fig. 3A (S3C) , Fig. 3B  (S3D), Fig. 3C (S3E) , and Fig. 3D (S3F) from two independent experiments. * p < 0.05, ** p < 0.01, unpaired two-tailed t-test. (G) U2OS cells expressing N-terminally GFP-tagged SDE2 were transfected with both UBR1 and UBR2 siRNA oligos (vs. CTL), irradiated with 40 J/m 2 , and 4 h later, cell lysates were fractionated and SDE2 Ct levels were analyzed by WB. 
